Abstract. 2014 A rigorous derivation of the characteristic fluorescence correction factor for use in electron probe microanalysis is presented. To achieve a high accuracy of the resulting expression Coster-Kronig transitions and effective fluorescence yields are taken into account and special attention is directed to the excitation conditions, e.g. the subshell structures. The integrations are carried out as accurately as possible, i.e. analytical solutions are employed if possible. Approximation and simplifications are avoided as far as possible.
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Procedures for evaluating measurements in electron probe microanalysis often do without a correction of the fluorescence radiation excited by characteristic radiation or employ the "standard" correction developed by Reed [1] . Generally the contribution of secondary characteristic fluorescence is small compared to the total generated intensity, and therefore negligible. There are, however, cases where the characteristic fluorescence contribution is significant and requires consideration.
A number of investigators have proposed characteristic fluorescence corrections for thick specimens [see, e.g., [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . However, some of these contributions to the problem discussed are quite old, so that partly very rough approximations were used, resulting in restrictions regarding the range of applicability.
More recent publications include more rigorous approaches, especially with respect to more realistic descriptions of the depth distribution function of primarily generated characteristic radiation. The accuracy of these models, though, is often spoiled due to the use of intensity ratios which generally are very rough and simplified representations of the real situation.
Büchner and Stienen [10] In the following the intensity of characteristic radiation of the detected line i of element j produced by ionizations caused by characteristic radiation 1 of element k shall be quantified. The sample under consideration is supposed to be semi-infinite. As basis of this derivation the quantification of generated primary radiation presented by Wernisch et al. [14] will be used. The generated intensity will generally be denoted by n, while the number of ionizations will be designated as m. Figure 1 shows the geometry used for the derivation of the secondary fluorescence correction factor. The intensity np,kl of primary radiation of element k and line 1 generated in the mass depth pz is quantified by np,kl(pz)dpz = mp,k(pz) wkipkidpz (1) where /lkl,n / Pn is the mass absorption coefficient for radiation of type 1 of the element k absorbed in element n.
Th calculate the secondary fluorescence correction factor it must be known how many ionizations are caused at the distance pz from the point from which the primary radiation originates. For this the amount of primary radiation absorbed due to photoionization processes between pr and pr + A/?r must be quantified.
np,kl(pz, pr)dpz -np,kl(pZ, pr)exp [-cj (,rki,jlpj) dpr] dpz (4) In the case 0 pr -&#x3E; 0 we obtain np,kl (pz, pr)cj (7k,,j / Pj ) dpz dpr (5) where 7kl,j lpj is the photoabsorption coefficient for the radiation of type I of element k in element j.
Until now the angle dependence of the secondary ionizations has not been taken into account. Allowing for this, the amount of secondary radiation ns,ji generated in the volume sine 'l9)d'l9dpdpr can be quantified by where r i i r i , i 1 is the jump ratio of the absorption edge.
Finally the absorption of a part of the secondary radiation on its way from the point of generation to the surface of the sample must be taken into account. Of course the detector registers only a small part of the radiation leaving the sample, depending on the solid angle ü covered by the detector.
Henceforward the lateral distribution of the secondary radiation generation shall be neglected. In this case the absorption does not depend on the angle ~, and the integration over p simply yields 27r.
The generation mass depth of secondary radiation is quantified by pz + pr cos (19) 
For the depth distribution function of primary radiation the model first presented by Packwood and Brown [13] shall be employed. This model reproduces the distribution of primarily generated X-rays in depth following a modified Gaussian distribution:
Using this very often used [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [10] reported that the effect of Coster-Kronig-transitions can change the secondary fluorescence intensity of a given line by up to 30%, thus justifying a more thorough investigation of these phenomena. The effect of radiationless transitions shall be taken into account by means of effective fluorescence yields as known from literature [26] . We will, therefore, further discuss the term ( r j i -1 r ' j i 0 3 C 9 j i pji)
Wkl Pkl (25) of the fluorescence correction factor (see Eq. (12)). The factor wji pji in the denominator results from the normalization of the primary generated radiation intensity and corresponds, therefore, to the line used for the evaluation of the measurements, i.e. in general to an a-line.
In case of the Ka-line we obtain: 03C9ji = 03C9jK and I (Ka) (26) where I of course stands for the respective intensities.
In case of an La-line being measured, only the ionizations of the L3-subshell are relevant, although the structure of the subshells has to allowed for. We assume, furthermore, that the energy of the electrons is higher than the edge energy of the Li-subshell, which means that all three subshells are supposed to be ionized. This assumption is surely valid if the La-line is used for the evaluation of the measurement data, and only in this case a fluorescence correction will be needed. For the effective fluorescence yield and the relative line intensity we thus obtain:
The quantity Ixy is the Coster-Kronig transition probability, i.e. the probability of an innershell transition from subshell Ly to subshell Lx .
Ni stands for the relative frequency of primarily produced vacancies in the subshell L,. Heinrich [26] proposes to calculate in first order these vacancies according to the number of electrons in the respective subshells, i.e.
Nl : N2 : N3 = 1 : 1 : 2 (28) Fink et al. [27] quantify this relation in a slightly different way. Based on the ionization cross section of Bethe [28] These relations can easily be evaluated using the formulae derived in equation (33).
For Ka-radiation this result in: r j i -1 r ' j i 0 3 C 9 j i = ( r j K -1 r ' j K ) 0 3 C 9 j K I(Ka) (35) and in the case of La-radiation (only a-radiation shall be considered for the analysis) in:
From equation (36) it can be easily seen that the absorption edge jump ratio depends on the energy of the exciting radiation 1 of element k.
Conclusions.
The calculation of the secondary fluorescence correction factor presented in this paper directs special attention to an accurate consideration of the excitation conditions, Coster-Kronig transitions and the effective fluorescence yields. In order not to spoil the accuracy of the resulting correction factor rough approximations, such as in the older approaches, are completely avoided. Integrals are solved either analytically or using highly accurate approximations. The rigorous mathematical treatment of the problem ensures a high accuracy of the resulting fluorescence correction factor which is a considerable improvement over the theories quantifying secondary fluorescence presented so far.
Considerable further improvements are expected not to result from a further development of the basic theory of secondary radiation generation, but rather from improvements of basic quantities necessary for calculating the secondary fluorescence factor, e.g. more 
